Ionic liquids (ILs) are polar compounds of poorly coordinating ions which are liquid below 100°C
INTRODUCTION
Ionic liquids (ILs) are polar compounds of poorly coordinating ions which are liquid below 100°C
and have potential as a clean replacement for common volatile organic compounds (VOCs) in chemical process. Compared to molecular organic compounds, ILs exhibit several unique properties such as low vapour pressure, non-flammability, liquidity over wide temperature range, high thermal and chemical stability, ionic conductivity and structural designability 1, 2 . These unique properties of ILs open up a widespread range for series of applications including catalysis 3 , organic synthesis 4 , separation
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www.orientjchem.org , as well as many others. For general understanding of these materials it is of importance to determine their thermodynamic and physicochemical properties as well as predict properties of unknown ionic liquids to optimize their performance and increase their potential future application areas. For many applications, a major goal is that IL maintains its chemical structure under the condition of use. As known, one of the importance characteristics of ionic liquids is that their physical and chemical properties can be tailored to specific application by adjusting or tuning the structure and functionality of the cations and anions 8 . Changes in physicochemical and thermal properties of ILs by an atom substitution are not very large compared to whole ion exchange, while the atom replacement could be useful for sophisticated control for ILs properties. To improve thermal stability, a series of ionic salts, which consists of two mono-cations are linked together to form a dication that is charge balanced by two separate mono anions has been developed and the salts are termed dicationic ILs 9, 10 .
Recently, synthesized and characterization of several ammonium-based dicationic phosphate salt were reported by Engel and co-workers 11, 12 . Ohno and co-workers have prepared some imidazoliumbased dicationic ILs 13 .
Interestingly, dicationic ILs show higher thermal stability than monocationic ILs and melting points higher than 100 °C 9 . For decreasing melting points, some asymmetric dicationic ILs whose cation has two different moieties have also been synthesized by several groups 14, 15 . Nevertheless, there is no doubt that deeper knowledge of physicochemical and thermal properties of dicationic ILs is necessary to find the unique and general features and control their properties. In view of the fact that the dicationic ILs are more thermal stable than the dicationic, this paper offers the synthesis and characterization of new asymetric dicationic,with space ILs as well as monocationic ILs. Fur thermore, the thermal behaviours of the synthesized ILs were investigated by thermal gravimetric analysis (TGA). We also compare the thermal stability of prepared mono and dicationic ionic liquids with each other.
EXPERIMENTAL

Reagents and instruments
All of the solvents and chemicals were purchased from Sigma-Aldrich and were used without further purification. All synthesized compounds were characterized by 1 H-NMR spectroscopy using BrukerDRX -300. FT-IR spectra were obtained on a Nicolet 800 instrument. Elemental analyses were obtained using Heraeous CHN analyzer (Germany) instrument. Thermal gravimetric analyses (TGA) were recorded using a thermal analysis instrument Perkin Elmer (Pyris Diamond model). Runs were carried out under an inert atmosphere of nitrogen. Initial mass introduced in the pan was set in 10±1 mg. Dynamic measurements were conducted at 25 to 600 °C.
Ionic liquid synthesis
The general procedure for the synthesis of mono and dicationic ILs is shown in Scheme 1.
General reaction for synthesis monocationic ionic liquids
To a vigorously stirred solution of 1-methylimidazole or pyridine (25.0 g, 310mmol) in toluene (125 cm 3 ) at 0 o C was added 3-bromo-1-propene (29.86 cm 3 , 345mmol). The solution was heated to reflux at ca. 110 o C for 24 hours, after which the toluene was decanted and the remaining viscous oil/semi-solid re-crystallized from acetonitrile and then repeated re-crystallized from ethylacetate to yield a brown viscous liquids, which was dried in vacuo to give 1a and 1b in approximately 93 % yields. 
1-allyl-3-methylimidazolium bromide (1a
General procedure for the synthesis of dicationic ionic liquids
Compound 1c was prepared by heating 1-methylimidazole (10.0 g, 122 mmol) and 1, 2-dichloroethane (50.0 g, 505 mmol) to reflux for 3 h. The oily precipitate was separated, washed with ethyl acetate (30 mL) and dissolved in a mixture of isopropanol (10 mL) and acetone (30 mL). This solution was kept in a freezer overnight, to ensure the crystallization of the by-product 1,2-bis (3-methylimidazolium-1-yl) ethane dichloride. The remaining solution was separated from the crystals and was evaporated, giving the desired 1-methyl 3-(2-chloroethyl) imidazoliumchloride as pale amber oil, sufficiently pure for further work (34 % yield).
Compounds 1e and 1f were prepared by reacting compound 1c with a slight molar excess of 1-vinylimidazole and pyridine for 24 h at room temperature, respectively. The precipitates were filtrated, washed, and purified by ethyl ether to afford the corresponding salts (93 % yield). 
General procedure for anion exchange reaction
Silver dicyanamide was prepared by mixing equal molar amounts of silver nitrate and sodium dicyanamide in aqueous solution followed by filtration. Compounds 2a and 2b were prepared by performing anion exchange forcompounds 1a and1b with 1mmol Scheme 1: Synthesis routes of mono and dicationic ionic liquids silver dicyanamide, while compounds 2e and 2f were synthesized by reacting 1e and 1b with 2mmol silver dicyanamide in deionized water for 24 h at room temperature (91 % yield). 1-(1-pyidinium-yl-ethyl)-3-methylimidazolium 
1-allyl-3-methylimidazolium dicyanamide(2a)
1-[2-(1-vinylimidazolium)-yl-ethyl]-3-methylimi dazolium di-dicyanamide(2e)
RESULT AND DISCUSSION
Identification of the synthesized compounds
Molecular structures of all synthesized compounds in this study were characterized via FT-IR, 1 H-NMR and CHN analysis. All the data of characterization are in accordance with the expected compositions and structures. 
Thermal stability
The TGA curves recorded for the synthesized monocationic and dicationic ILs are illustrated in Figure 1 .The thermal decomposition temperatures (T d ) estimated from these curves are shown in Table 1 .
As can be seen from Figure 1 , salts that contain imidazole group (2a and 2e) are thermally more stable than those containing the pyridine ring (2b and 2f) . This may be due to the fact that the imidazolium groups have better positive charge dispersion than does the pyridine group, which give them a stronger attraction to anions 16 .
We also found that the dicationic ILs are substantially more thermal stable than that monocationic ILs (Figure 2 ). It is obvious that the decomposition temperature of the dicationic ILs are approximately 20 °C to 40 °C higher than that the monocationic ILs which have identical anions or even substituted alkyl. This higher thermal stability in the dicationic ILs compared with monocationic would be related to higher liquid density in the dicationic ILs 17 . Thus, the dicationic ILs are suitable for utilization at higher temperature condition and application related to local heating 18 .
Comparison of thermal stability of mono and dicationic ILs
Thermal stability of ILs in this study compared with the some values reported in the literature. The results are collected in Table 1 . With regarded to anion effect, data in Table 1 , indicates that the thermal stability of ILs may be related to the nucleophilicity of the anions which used in ILs structures. The thermal stability of ILs increases with increasing the nucleophilicity of the anions 19 . Table 1 also reveals that, with regard to the cation effect, ILs which composed of imidazolium moiety have higher thermal stability than those consist of pyridine rings because of more charge dispersion and stronger anion attraction. Moreover, it is reported that decomposition in imidazolium-based ILs occure at C-N bands 20 . According to this fact, a smaller free volume and higher viscosity could works effectively for the recombination. Also, a small displacement of ion's vibrations due to small free volume could 
CONCLUSION
Dicationic and monocationic ILs that contain imidazole and pyridine moieties were successfully synthesized. All prepared ILs exhibited good thermal stabilities up to 200 °C. Compared to monocationic ILs, dicationic ILs have higher thermal stability due to higher degree of positive charge dispersion which give them a stronger attraction to anions. Moreover, when a fair comparison (same anion, alkylene linker and alkyl group) was made, the ILs that contain imidazolium cationic moiety have higher thermal stability than those that contain pyridinium rings. The imidazolium-based ILs show higher thermal stabilities because of more positive charge dispersion, smaller free volume and higher viscosity.
